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Objectives. Several experimental studies have reported antiobesity and lipid-improving effects of Citrus unshiu. However, clinical
studies on its effects are lacking. This study was designed to evaluate the impact of Citrus unshiu peel pellet (CUPP) on obesity
and lipid profile. Methods. For 118 patients with body mass index (BMI) > 23 who took Citrus unshiu peel pellet (CUPP) for 4
weeks in a Public Health Center, laboratory and biometric readings before and after CUPP administration were analyzed. Results.
Mean age of these subjects was 53.8+10.6 years (range: 18-75 years). There were 88 (74.6%) females in the study sample (n = 118). A
significant (p < 0.01) decrease in BMI from 27.47+2.24 to 27.27+2.22 was observed in all subjects after CUPP treatment and 65.3%
(N =77) of them lost 1.03+0.83 kg of weight after 4 weeks of treatment. Total cholesterol level was significantly (p < 0.01) decreased
from 204.0+37.4 mg/dL to 193.5+36.5 mg/dL. Significant (p < 0.05) decreases in levels of low-density lipoprotein, cholesterol, and
triglyceride were also observed. Conclusions. These results suggest that CUPP in practice could help weight control and improve
total cholesterol level. Findings of this study provide clinical foundation for future large-scale trials to establish clinical benefits of

CUPP.

1. Introduction

Obesity and related hyperlipidemia have become major
worldwide health problems. With sharply increasing inci-
dence of metabolic disease and associated morbidity and
mortality, both medical and economical costs are also
expected to increase [1]. Nowadays, synthetic drugs to lower
weight or serum lipid in obese patients with hyperlipidemia
are available. However, they have limitations such as adverse
effects and progression of drug resistance [2]. In this regard,
application of medicinal plants is necessary.

Citrus flavonoids as polyphenolic compounds have
emerged as promising therapeutic agents for the treat-
ment of obesity, insulin resistance, and dyslipidemia [3, 4].
Flavonoids such as naringin, hesperidin, and nobiletin have
been experimentally proven to be able to lower lipid levels
with insulin-sensitizing and anti-inflammatory properties
primarily through inhibition of hepatic fatty acid synthesis
and induction of increased fatty acid oxidation [5-8]. Citrus

aurantium has been used as one of common dietary supple-
ments for weight loss in the US because it increases energy
expenditure and lipolysis and acts as a mild appetite sup-
pressant [9, 10]. Synephrine, its proposed active constituent,
can mimic the action of epinephrine and norepinephrine as
alpha-adrenergic agonists. However, human clinical studies
have demonstrated that naringin or hesperidin supplement
exerts no effect on lipid profile [11, 12]. Active compound
isolated from herbs rarely demonstrates high pharmacolog-
ical activity against metabolic dysregulation because there is
no synergistic interaction or multifactorial effects between
various compounds present in herbal extract [13]. Therefore,
clinical study of citrus extract itself, not isolated flavonoid on
the metabolic diseases, is required.

Dried peel of Citrus unshiu Markov has been traditionally
used as a popular herbal ingredient for treatment of vari-
ous digestive dysfunctions, including abdominal distension,
nausea, vomiting, and dyspepsia in East Asia such as Korea
and Japan [14]. Based on its excellent properties and safe use,
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this herb has been commonly used for a long time in food
or medicine preparation which was registered and managed
as policy documents of Korea Food and Drug Adminis-
tration [15, 16]. The dried peel of Citrus unshiu, like other
citrus species, has been experimentally proven to be able
to ameliorate hyperglycemia through inhibition of hepatic
gluconeogenic enzyme and induction of insulin/glucagon
secretion. It can also ameliorate hypertriglyceridemia via
inhibition of lipid absorption and lipogenesis. In addition,
it promotes lipolytic effects in the liver [17-20]. However,
clinical studies on the effect of Citrus unshiu on obesity
and lipid metabolism are insufficient [21]. Therefore, the
objective of this study was to explore the efficacy and safety of
Citrus unshiu in overweight or obese subjects. Results of this
study will provide a clinical foundation for future large-scale
clinical trials.

2. Patients and Methods

2.1. Subjects and Ethics. The Public Health Center in Jejusi,
Republic of Korea, has provided a variety of weight man-
agement programs including exercise, diet, and behavior
modification to local residents. Herbal medicines were also
provided to those who did not lose weight after such effort
with voluntary consent. According to the Asia-Pacific obesity
classification, all subjects were classified into five different
groups: underweight (< 18.5kg/m?), normal weight (18.5 to
22.99 kg/m?), overweight (23 to 24.99 kg/m?), class I obese
(25 to 29.99 kg/mz), and class II obese (> 30 kg/rnz) [22].
Therefore, all 157 adult patients with BMI greater than
23 kg/m?* were treated with Citrus unshiu peel pellet (CUPP)
for 4 weeks between September and October 2017. After
excluding cases with missing data on anthropometric and
biochemical parameters before and after CUPP adminis-
tration, 118 patients were finally analyzed. This project was
approved by the Institutional Review Board of Dankook Uni-
versity (DKU 2017-11-001). It was conducted in accordance
with the Declaration of Helsinki.

2.2. Citrus unshiu Peel Pellet (CUPP) and Treatment Course.
CUPP was prepared from dried peels of Citrus unshiu
cultivated organically in Jeju Island, Republic of Korea.
After juice extraction process, Citrus unshiu peels were
collected and dried in an air-oven at 50°C. Subsequently, they
were crushed and sieved to particle size of 0.25mm. They
then underwent agglomeration to form larger pellet size of
Smm.

For analysis of CUPP components, 10 grams of the final
CUPP was extracted with 10ml of 80% methanol under
ultrasonication for 30 min and centrifuged at 3000 rpm for
5 min. The supernatant was filtered through a Whatman No.
1 filter paper. The filtrate was concentrated using a vacuum
rotary evaporator (Biichi R-100, Germany) and lyophilized
using a freeze dryer (Ilshin Biobase, Korea). The extract
was dissolved in high-performance liquid chromatography
(HPLC) grade methanol to a final concentration of 10 mg/mL.
The solution was filtered through a 0.45-ym membrane and
20 puL of the filtrate was subjected to HPLC analysis. HPLC
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FIGURE 1: Major constituents of Citrus unshiu peel pellet (CUPP)
revealed by HPLC.

profile of CUPP is shown in Figure 1, showing the presence of
narirutin, hesperidin, and nobiletin. The quality of CUPP was
tested and controlled according to quality standards of the
Korea Food and Drug Administration (hesperidin content
> 4.0%). The proximate composition of CUPP following
AOAC method was carbohydrate (82.4%), sugar (18.9%),
crude protein (5.8%), crude fat (0.0%), and caloric value
(353.2 kcal/100 g). Daily oral administration of 18 mg (6 mg
three times a day) of CUPP was prescribed.

2.3. Protocols and Procedures. Demographic and clinical
variables including gender, age, waist circumference, weight,
height, and medical comorbidities were collected from
patients. Waist circumference was measured at the mid-
way between the last rib and the iliac crest. BMI was
calculated as kg/m®. Body composition, particularly the
amount of body fat, was measured by multifrequency
tetrapolar bioelectrical impedance method (InBody230°,
Biospace, Seoul, South Korea) after at least 8 hours of
fasting. Fasting blood samples were also obtained for lab-
oratory analysis of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), y-glutamyltranspeptidase (y-
GTP), total cholesterol (TC), triglyceride (T'G), high-density
lipoprotein (HDL) cholesterol, and low-density lipopro-
tein (LDL) cholesterol levels. These clinical data including
anthropometric and biochemical parameters were repeat-
edly measured after 4 weeks of CUPP treatment under
similar fasting conditions. Medications for commodities
were not changed during the 4 weeks of CUPP treatment.
Recorded adverse effects during CUPP administration were
also checked.

2.4. Statistical Analyses. Baseline demographic and clinical
characteristics of patients are reported as mean + standard
deviation for continuous variables and as frequencies and
percentages for categorical variables. Differences in anthro-
pometric and biochemical parameters between groups were
examined by Student’s t-test. Paired samples t-test was used
to evaluate the significance and difference in data obtained
from quantitative laboratory and biometric tests before and
after treatment with CUPP. Pearson correlation analysis was
performed for weight loss and changes in TC level. Statistical
significance was considered when p value was equal to or
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TaBLE 1: Changes in clinical variables after 4 weeks of CUPP treatment (N = 118).
Baseline 4th Week p

Waist circumference (cm) 91.53+7.55 90.36+7.27 0.0002
Weight (kg) 71.09£9.52 70.59 £9.40 < 0.0001
BMI (kg/m”) 2747+2.24 27.2742.22 < 0.0001
Body fat mass (kg) 24.98+4.78 24.87+4.61 0.481
Fat free mass (kg) 46.11+8.57 45.68+8.84 0.023
Systolic blood pressure (mmHg) 128.9+16.6 126.9 £14.8 0.554
Diastolic blood pressure (mmHg) 81.4+10.8 81.9+10.7 0.558
Total cholesterol (mg/dL) 201.5+37.4 192.8+36.5 < 0.0001
LDL cholesterol (mg/dL) 117.3+34.5 111.8+34.6 0.011
HDL cholesterol (mg/dL) 56.3£14.6 55.8+13.2 0.482
Triglyceride (mg/dL) 139.7478.0 126.1+74.5 0.026
AST (U/L) 24.1+8.1 22.4+8.1 0.0093
ALT (U/L) 23.3+12.3 21.2+11.6 0.0167
y-GTP (U/L) 29.9 £38.5 32.0 £35.9 0.153

BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine aminotransferase; and y-GTP: y-glutamyltranspeptidase.

less than 0.05. All statistical analyses were carried out using
R, a free package from the R Foundation for Statistical
Computing.

3. Results

The study population was composed of 30 males and 88
females with a mean age of 53.8410.6 years (range: 18-
75 years) and a median BMI of 271kg/m* (range: 23.4-
36.1kg/m2). Around a third of these subjects (N = 38,
32.2%) were taking antihypertension medication along with
dyslipidemia medication including statin (N = 29, 24.6%) or
oral hypoglycemic drugs for type 2 diabetes (N = 7, 5.9%).
With respect to smoking history, there were five (4.2%)
current smokers, 13 (11.0%) former smokers, and 100 (84.7%)
never-smokers. Regarding alcohol consumption, there were
66 (55.9%) current drinkers, 5 (4.2%) former drinkers, and
47 (39.8%) never-drinkers.

Main characteristics of anthropometric and biochemical
measurements between baseline and 4th week after CUPP
administration are summarized in Table 1. BMI, weight,
and waist circumference were significantly decreased after
CUPP treatment. However, the reduction volume of BMI was
only about 0.2kg/m* with weight reduction of 500 grams
during 4 weeks. There was no change in fat mass based
on bioelectrical impedance method. However, 77 (65.3%)
responders experienced weight loss after CUPP treatment,
amounting to 1.03+0.83 kg in 4 weeks.

Based on laboratory tests, TC exhibited significantly
more decrease compared to other lipid levels. This could
be explained by LDL cholesterol reduction, but not HDL
cholesterol reduction. Subanalysis after separating normal
and abnormal TC or LDL cholesterol range also demon-
strated that TC and LDL cholesterol levels in the abnormal
group were decreased more by CUPP treatment compared
to those in the normal group (Figures 2 and 3). Moreover,
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FIGURE 2: Total cholesterol changes in subjects with normal range (<
200 mg/dL) and abnormal range (> 200 mg/dL) of cholesterol before
CUPP treatment, showing definite improvement in the abnormal
group after treatment.

TC reduction subsequent to CUPP treatment was indepen-
dent of statin medications (p = 0.797) or weight loss (r
= 0.0597, 95% CI: -0.122 to 0.238, p = 0.521, Figure 4),
suggesting that CUPP treatment could complement statin
with different mechanism of action. AST and ALT levels were
also significantly decreased below their normal ranges. This
suggests that CUPP treatment is safe for the liver.

Adverse events related to CUPP treatment were not
serious. Gastrointestinal discomfort (N = 19, 16.1%), mild
diarrhea (N = 8, 6.8%), headache (N =1, 0.8%), and dizziness
(N =1, 0.8%) were reported which resolved later without any
intervention.
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FIGURE 3: Changes in low-density lipoprotein (LDL) in subjects with
normal range (< 130 mg/dL) and abnormal range (> 130 mg/dL) of
LDL before CUPP treatment, showing definite improvement in the
abnormal group after treatment.
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FIGURE 4: Total cholesterol versus weight change during CUPP
treatment based on taking or not taking statin medication (corre-
lation coeflicient r = 0.0597, p = 0.521).

4. Discussion

Compounds present in CUPP are narirutin, its isomer
naringin, hesperidin, and nobiletin. They have been proven
to exert antiobesity effects both in vitro and in vivo [5-8].
Furthermore, these compounds have been found to display
strong anti-inflammatory and antioxidant activities [23]. A
number of molecular mechanisms particularly underlying
lipid metabolism in obesity have been explained [3, 4].
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It has been reported that hesperidin possesses inhibitory
activity against lipase, resulting in inhibition of fat absorption
[6]. Nobiletin can improve obesity and insulin resistance
in rats fed a high-fat diet by increasing PPARy expression
or regulating NF-xB and Nrf2 pathways [7, 24]. However,
therapeutic uses of these flavonoids are significantly limited
due to the lack of adequate clinical evidence.

Peel extracts of Citrus unshiu have shown antiobesity
effects through inhibition of lipogenesis and adipogenesis in
both normal and high-fat diet fed animal models compared
to peel extracts of other citrus such as Citrus aurantium L.
which does not demonstrate any improvement in obesity in
normal diet fed mice [17, 20, 25, 26]. The preventive effect
of Citrus unshiu on atrophy of skeletal muscle and weight
loss by suppressing systemic inflammation and production
of procachectic factors in tumor-bearing mice has been
reported [27]. Our results showed that CUPP has antiobesity
effect after 4 weeks of treatment, with 500 grams of reduction
in weight of obese subjects. Previous studies on Citrus
unshiu have shown its antiobesity effect after 9 weeks of
administration in high-fat diet fed Sprague-Dawley male rats
as well as after 5 or 6 weeks of administration in normal diet
fed mouse [17, 20]. Therefore, it has been proposed that the
observation period should be longer than 4 weeks to notice
sufficient effect of CUPP on weight loss.

Effects of Citrus unshiu on lowering cholesterol and TG
have been repeatedly confirmed in many preclinical studies
(17,19, 28]. A mixture of naringin and hesperidin can also sig-
nificantly lower levels of plasma and hepatic cholesterol and
TG levels as well as 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase activity in rats [29]. However, in human
studies, citrus flavonoids such as naringin (500 mg/day) or
hesperidin (800 mg/day) did not exhibit any lipid-lowering
activity on TC, LDL cholesterol, or TG levels after 4 weeks of
administration in moderately hypercholesterolemic individ-
uals [11]. Another clinical study has demonstrated that peel
extract of Citrus unshiu could significantly suppress elevated
TG level, but not TC level [21]. Our study showed that CUPP
administration for only 4 weeks significantly decreased TC,
LDL cholesterol, and TG concentrations in plasma. The
lipid-lowering mechanism of Citrus unshiu is suggested as
follows. Reduced hepatic steatosis along with increased hep-
atic insulin sensitivity and fatty acid oxidation can promote
apolipoprotein B degradation, thereby contributing to low-
ering the secretion of LDL and LDL particle and circulating
cholesterol level [3]. The beneficial effect of Citrus unshiu
is associated with 5'-adenosine monophosphate-activated
protein kinase activation in adipose tissue [30]. Additionally,
Citrus unshiu could change microbiota in the colon. The
white part of the peel from Citrus unshiu can decrease serum
TG due to increased levels of bifidobacteria in rat cecum
[31].

Our study population was chiefly middle-aged women
experiencing estrogen hormone changes at menopause, a
condition well known to be associated with obesity and
hyperlipidemia [32]. The peel of Citrus unshiu can signifi-
cantly lower TC and TG concentrations in the liver of ovariec-
tomized rats showing obvious lipid metabolic disturbance
[28]. Therefore, it was hypothesized that CUPP could be
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more beneficial for individuals with dyslipidemia and those
who were suffering from a reduction in estrogen levels.
In our study, lipid-lowering effect of CUPP treatment was
independent of weight loss or statin medications. Therefore,
CUPP could help the condition of dyslipidemia in individuals
with lean body mass or in patients whose lipid levels remain
uncontrolled even by statin medication. CUPP treatment is
tolerable with only minor nonhematologic adverse effects
including gastrointestinal discomfort (16.1%) and mild diar-
rhea (6.8%). In some cases, improvement in constipation was
observed. It could be explained by increased gastrointestinal
motility by CUPP based on a preclinical study [14]. None
of our patients discontinued CUPP treatment due to CUPP-
related adverse events.

This study has several limitations that should be con-
sidered. Firstly, this study was planned as part of a health
promotion program at a Public Health Center, not for
clinical trial. Thus, the absence of a control group to
make a comparison led to careful interpretation of results.
However, most of enrolled subjects had failed in weight
loss in spite of a variety of weight management programs
including exercise, diet, and behavior modification previ-
ously provided by the Public Health Center for more than
6 months. Therefore, the improvement of weight circumfer-
ence, weight, or total cholesterol without lifestyle changes
could be interpreted by the effect of CUPP treatment.
Secondly, the observation period was only for 4 weeks,
which is relatively short compared to most intervention
trials on obesity. If CUPP treatment would be administered
for a longer observation period, the effect of weight loss
could be even greater. Finally, there was no inquiry of daily
intake showing the changes of calorie intake. Therefore,
it is difficult to distinguish whether the effect of CUPP
treatment is due to a decrease in the amount of diet through
loss of appetite or an increase of the basal metabolic rate
which were suggested by the mechanism of action in Citrus
flavonoids.

In conclusion, this study shows that CUPP treatment
is well tolerated in overweight or obese patients for weight
control. It can improve lipid levels in those with moderate
dyslipidemia either alone or in combination with statin.
Therefore, our results encourage further studies on the
lipid-lowering effect of CUPP or its flavonoids due to low
toxicity and different mechanism of action compared to
conventional statin medication. Additional randomized and
well-controlled multicenter clinical trials involving large
populations are necessary to evaluate the efficacy and safety
of CUPP in the treatment of obesity and dyslipidemia.
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